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(57)Abstract: 

PURPOSE: To measure the pressure of the 
intake pipe of an internal combustion engine 
with high resolution using an A/D converter 
low in resolving power without being affected 
by pressure ripple. 

CONSTITUTION: The output signal VP of the 
pressure sensor 7 provided to the intake pipe 2 
of an internal combustion engine 1 is subjected 
to A/D conversion by an N-bit A/D converter 
6 to measure the pressure P in the intake pipe! 
That is, in the timings catching the protruding 
and recessed parts of the pressure ripple of 
the intake pipe, A/D conversion is respectively 
performed by m-times and (m) A/D conversion 
data P1 1. P12. P13...P1m measured at the protruding parts and (m) data P21, P22, 
P23...P2m measured at the recessed parts are added and the addition result 
P11 + P12 + P13... + P1m + P21 + P22 + P23...P2m is used as intake pipe pressure data. 
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CLAIMS 



[Claim(s)] 

[Claim 1] internal combustion engine (1) Inlet pipe (2) Formed pressure sensor (7) 
Output signal (VP) A/D conversion is carried out with the A/D converter 
(Analog-to-Digital Converter) (6) of N bit, and it is a pressure in an inlet pipe (P). It is 
the approach of measuring. Inlet pipe (2) In the timing which catches the heights and 
the crevice of a pressure ripple, A/D conversion is performed by a unit of m times, 
respectively, m A/D-conversion data measured by said heights (P11, P12, P13, 
Pirn ) m data (P21, P22, P23, ... P2m ) measured in the crevice are added. The addrtion 
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result (PT1+P12+P13+ ... +P1m +P21+P22 +P23 + ... P2m ) Measuring method of the 
pressure-of-induction-pipe force in the internal combustion engine characterized by 
using as pressure-of-induction-pipe force data. 

[Claim 2] It sets for the measuring method of the pressure-of-induction-pipe force in 
an internal combustion engine according to claim 1. and is the 
pressure-of-induction-pipe force (P). Measuring method of the 

pressure-of-induction-pipe force in the internal combustion engine characterized by 
performing every m times of A/D conversion, respectively in the timing which is the 
same period as a pressure ripple period, and has the same phase contrast to the 
heights and the crevice of this pressure ripple. 

[Claim 3] It sets for the measuring method of the pressure-of-induction-pipe force in 
claim 1 and an internal combustion engine according to claim 2, and he is an internal 
combustion engine (1). Timing signal acquired synchronizing with each actuation 
process (SN1, SN2, SN3, ...) It considers as criteria timing and is this timing signal 
(SN1. SN2, SN3, ...). Measuring method of the pressure-of-induction-pipe force in the 
internal combustion engine characterized by performing A/D conversion by a unit of 
m times synchronously. 

[Claim 4] In the measuring method of the pressure-of-induction-pipe force in an 
internal combustion engine according to claim 1 to 3 8-bit A/D converter (6) Use and 
A/D conversion is performed by a unit of 2 times in each A/D-conversion timing, 
respectively. These four A/D-conversion data (P1 1 , P1 2) (P21 , P22) It adds and is the 
addition result (P1 1+P12+P21+P22 ). Measuring method of the 

pressure-of-induction-pipe force in the internal combustion engine characterized by 
using as 10-bit pressure-of-induction-pipe force data. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of being high resolution 
and measuring an internal combustion engine's (engine) pressure-of-induction-pipe 
force to accuracy. 

[0002] The pressures in an engine inlet pipe are main data indispensable when 
controlling the engine concerned. For example, in the Air Fuel Ratio Control system of 
a speed density method, the pressure-of-induction-pipe force is an important 
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parameter at the time of presuming an inhalation air content. Moreover, in the 
injection method which performs manifold injection of fuel of a fuel, the amount of the 
fuel which adheres to this inlet pipe according to the pressure-of-induction-pipe 
force is amended, and minute Air Fuel Ratio Control becomes possible at the time of 
acceleration and deceleration. 

[0003] ECU which adopted the microcomputer system as these engine control on the 
other hand (Electronic Control Unit) It uses. And engine actuation is controlled in the 
optimal condition by carrying out package management of the engine performance 
data by ECU. For example, an inhalation air content is presumed from the 
pressure-of-induction-pipe force and an engine rotational speed, and the fuel oil 
consumption which realizes a predetermined air-fuel ratio is controlled. 
[0004] Therefore, after carrying out A/D conversion of the 

pressure-of-induction-pipe force signal measured with the pressure sensor with an 
A/D converter, it is necessary to input it into a microcomputer system. Therefore, the 
resolution of an A/D converter specifies the control precision of ECU. 
[0005] On the other hand, if the A/D converter with high resolving power is expensive 
and the product cost of ECU is taken into consideration, it cannot but adopt an about 
8-bit A/D converter. 

[0006] However, in order to satisfy the emission control which becomes still severer, 
it is necessary to perform still more minute engine control, and for that purpose, the 
A/D converter which has the resolution of about 10 bits is required. Moreover, it is 
necessary to measure the pressure-of-induction-pipe force to accuracy, without 
being influenced by the pressure ripple. 

[0007] Therefore, establishing the approach of measuring the highly precise 
pressure-of-induction-pipe force using a cheap A/D converter is called for 
[0008] 

[Description of the Prior Art] 

(1) Control of the pressure-of-induction-pipe force and an engine control air-fuel 
ratio is one of the most fundamental control for pulling out the combustion energy of a 
fuel cleanly and effectively. And Air Fuel Ratio Control is performed by injecting the 
optima! quantity of a fuel to the air content which an engine inhales. 
[0009] As an approach of calculating an inhalation air content, there is the approach 
of presuming from the pressure-of-induction-pipe force and an engine speed, and. 
generally this Air Fuel Ratio Control system is called the speed density method. 
[0010] drawing where drawing 3 explains the Air Fuel Ratio Control system by the 
speed density method - it is - (a) Model drawing explaining the structure of a 
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system, and (b) data map drawing (etc. — an air content curve) for presuming an 
inhalation air content from the pressure-of-induction-pipe force and an engine speed 
— it comes out. 

[001 1] 1) An air cleaner 9 purifies the air which inhales [ outline ** ] and inhales 
[ exhaust-system ] the Air Fuel Ratio Control system, and it controls an inhalation air 
content by the throttle 5. And it inhales to a combustion chamber 13 through surge 
tank 2A and an inlet pipe (manifold) 2, and an inlet valve 10. 

[0012] On the other hand, the emission gas which burned is emitted into atmospheric 
air through an exhaust valve 1 1, an exhaust pipe 16, and a three way component 
catalyst 17. 

[0013] ** The pressure sensor 7 which measures the pressure-of-induction-pipe 
force P is formed in control-system surge tank 2A. Moreover, timing pulse signal 
which formed the crank angle sensor 18 in the engine crankshaft, and synchronized 
with each engine actuation process SN While obtaining, it is the engine rotational 
speed NE. It has detected. 

[0014] In addition, temperature tw of engine cooling water 14 The coolant 
temperature sensor 15 to measure is formed and amendment of the fuel oil 
consumption by engine temperature is enabled. Moreover, the throttle opening sensor 
8 was formed in the throttle 5. and the opening signal alpha has been acquired. 
[0015] And ECU which constituted the detecting signal of these sensors 7, 18, 15, and 
8 from a microcomputer system It inputs into 4, and the valve-opening time amount of 
a fuel injection valve 3 is controlled from the output port, fuel-injection timing and the 
injection quantity are controlled, and an air-fuel ratio is controlled to a predetermined 
value. 

[0016] In addition, since it is an analog value, the detecting signal of each of said 
sensors 7, 15, and 8 is ECU. It has inputted into the microcomputer system, after 
changing into binary data with A/D converter 6 in four. Incidentally, as resolving power 
of A/D converter 6, a 8-bit advantageous A/D converter is used in respect of cost in 
many cases. 

[0017] 2) presumption, the fuel-injection pressure-of-induction-pipe force P, and 
engine speed NE of an inhalation air content from — the air content inhaled by the 
engine can be presumed and calculated. 

[0018] Namely, drawing 3 (b) It is ECU about data to illustrate and which were 
map-ized. Four the pressure-of-induction-pipe [ make memory store and memorize 
and ] force P at the event concerned and engine speeds NE It considers as a variable 
and an inhalation air content can be presumed with reference to this map. 
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[0019] Therefore, it can inject in quest of the fuel quantity needed from the presumed 
.nhalation air content, and a combustion chamber 13 can be made to inhale the 
gaseous mixture of a predetermined air-fuel ratio. 

[0020] (2) drawing where measurement of the pressure-of-induction-pipe force and 
effect drawing 4 of a pressure ripple explain measurement and the pressure ripple of 
the pressure-of-induction-pipe force - it is - (a) Drawing showing a pressure ripple 
and pressure survey timing, and (b) drawing showing the timing signal acquired 
synchronizing with each engine actuation process - it comes out. In addition the 
crank angle theta shaft of (a) and (b) is the same crank angle theta shaft. 
[0021] The pressure-of-induction-pipe force P is periodically changed with engine 
inhalation actuation, i.e., the switching action of an inlet valve. That is. generally it falls 
at an inhalation process and goes up at the other process. This is a pressure ripple. 
[0022] For example, the pressure ripple of a 4-cylinder engine is usual. 180-degreeCA 
(Crank Angle) It is a period. Namely, drawing 4 (a) Heights theta 1 of the shown 
pressure ripple theta 3 Between It is 180-degreeCA and they are heights theta 1. 
Crevice theta 2 Between is 90-degreeCA. 

[0023] On the other hand, drawing 4 (b) Drawing 3 (a) It is the output signal of the 
shown crank angle sensor 18. and is an engine revolution timing signal. It is SN. In 
addition, it sets to this drawing and is a revolution timing signal to the crank angles 
theta 1. theta2. and-theta3 for every 90-degreeCA. ... SN It is the configuration to 
obtain. 

[0024] That is, change of crank angle theta and the pressure ripple period of the 
pressure-of-induction-pipe force are the same periods. Therefore, if the 
pressure-of-induction-pipe force is measured with the period independent of an 
engine revolution period, i.e., crank angle theta. the measurement error equivalent to a 
pressure ripple will be produced. 

[0025] Then, generally it is an engine revolution timing signal. SN The 
pressure-of-induction-pipe force is measured synchronously. For example, drawing 4 
(a) It sets. Whenever it samples the pressure-of-induction-pipe force in the timing 
thetal. theta3, and theta5 for every 180-degreeCA, i.e., crank angles, and ... and 
performs A/D conversion, it will be the pressure of the heights of a pressure ripple It 
is possible to measure PI. P3, P5, and .... and the effect of a pressure ripple can be 
eliminated. 

[0026] Moreover, similarly, if A/D conversion is performed in the crank angles theta2 
theta4. and theta6 and .... it will be the pressure of a crevice. It is possible to measure 
P2. P4, P6. and ... 
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[0027] every [ in addition, ] 90-degreeCA (thetat. theta2, theta3. ...) namely, 1/[ of a 
pressure ripple period ] 2 period — a sampling and A/D conversion of the 
pressure-of-induction-pipe force — carrying out — pressure-of-induction-pipe 
force of the heights of a pressure ripple PI Pressure-of-induction-pipe force of a 
crevice P2 By averaging, there is also an example which eliminated the effect by the 
phase change of a pressure ripple. 
[0028] 

[Problem(s) to be Solved by the Invention] By the way, when A/D conversion of the 
pressure-of-induction-pipe force P is carried out, the accuracy of measurement of 
this pressure-of-induction-pipe force P is prescribed by the resolution of an A/D 
converter. Therefore, in ECU, only engine control specified to the resolving power of 
an A/D converter can be performed. 

[0029] On the other hand, in order to satisfy the emission control which becomes still 
severer, it is necessary to perform still more minute engine control. And it is 
necessary to use an A/D converter with high resolution for that purpose. For example, 
although the resolving power of the A/D converter by which the current activity is 
carried out is 8 bits, I want to make this into the resolving power of 10 bits. 
[0030] However, the A/D converter with high resolution is expensive, will raise the 
product cost of ECU and cannot supply a good product cheaply. 
[0031] Moreover, if the error by the pressure ripple is included in the measurement 
result of the pressure-of-induction-pipe force even if it uses an A/D converter with 
high resolution, engine control equivalent to the resolution concerned cannot be 
performed. 

[0032] The technical technical problem of this invention is by establishing the 
measuring method of the pressure-of-induction-pipe force which is not influenced by 
the pressure ripple to realize minute engine control while it solves the above problems 
in pressure-of-induction-pipe force measurement and enables measurement of a high 
resolution with an A/D converter with low resolution. 
[0033] 

[Means for Solving the Problem] drawing where drawing 1 explains the principle of this 
invention — it is — (a) — model drawing of an engine control system (fuel-injection 
control system), and (b) Drawing explaining the ripple of the 

pressure-of-induction-pipe force, and (c) drawing showing the timing signal acquired 
synchronizing with each engine actuation process — it comes out. In addition, the 
crank angle theta shaft of (b) and (c) is the same crank angle theta shaft. 
[0034] While this invention measures the pressure-of-induction-pipe force 
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synchronizing with a revolution of an engine, it measures multiple times in that case 
and the description is in the place which uses as pressure-of-induction-pipe force 
data the result of having added those measurement data. 

[0035] (1) output signal of a pressure sensor 7 formed in the inlet pipe 2 of the 
measuring method internal combustion engine 1 of the fundamental 
pressure-of-induction-pipe force VP the A/D converter (Analog-to-Digital 
Converter) of N bit - it is the approach of performing A/D conversion by 6 and 
measuring the pressure P in an inlet pipe. 

[0036] Namely, in the timing which catches the heights and the crevice of a pressure 
ripple of an inlet pipe 2. A/D conversion is performed by a unit of m times, 
respectively, m A/D-conversion data measured by said heights P1 1. PI 2. PI 3, and ... 
P1m m data measured in the crevice P21, P22, P23, and ... P2m It adds. The addition 
result Pi 1+P12+P13+ ... + P1 m +P21+P22 +P23 + ... P2m It is the measuring method of 
the pressure-of-induction-pipe force used as pressure-of-induction-pipe force data. 
[0037] (2) In the approach of measuring to the timing which has a pressure ripple and 
phase contrast, i.e.. the measuring method of the above (1). it is the same period as 
the pressure ripple period of the pressure-of-induction-pipe force P. and is the 
measuring method of the pressure-of-induction-pipe force of performing every m 
times of A/D conversion, respectively, in the timing which has the same phase 
contrast to the heights and the crevice of this pressure ripple. 
[0038] (3) Timing signal acquired synchronizing with each actuation process of an 
engine 1 in the approach (1) of measuring synchronizing with an engine revolution 
timing signal, i.e., the above, and the measuring method of (2) SN1, SN2, SN3, and 
are made into criteria timing, and it is this timing signal. It is the measuring method of 
the pressure-of-induction-pipe force of performing A/D conversion by a unit of m 
times synchronizing with SN1, SN2, SN3, and ... 

[0039] (4) In the measuring method of the approach (1) of forming 8 bit data into 10 bit 
data, i.e., the above, and (2). and (3) In each A/D-conversion timing. A/D conversion is 
performed by a unit of 2 times using 8-bit A/D converter 6, respectively. These four 
A/D-conversion data P1 1, P12, P21, and P22 are added, and it is as a result of [ the ] 
addition. P11+P12+P21+P22 It is the measuring method of the 

pressure-of-induction-pipe force used as 10-bit pressure-of-induction-pipe force 
data. 

[0040] 

[Function] An operation of this invention has the description in the place which 
obtains the measurement data of resolving power higher than resolution of 
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measurement equivalent by adding the pressure-of-induction-pipe force data which 
carried out multiple-times measurement. Moreover, since it measures synchronizing 
with a revolution of an engine, the measurement error by the pressure ripple is not 
produced. 

[0041] (1) By adding the pressure-of-induction-pipe force measured in the heights 
and the crevice of a measuring method pressure ripple of the fundamental 
pressure-of-induction-pipe force, it is lost that the measurement error by the 
pressure ripple is included in this addition result. 

[0042] On the other hand, the pressure-of-induction-pipe force can be measured 
with resolution higher than the A/D-conversion data of N bit m data which sampled by 
heights and performed A/D conversion, and by adding m data of a crevice similarly. 
[0043] (2) If the pressure-of-induction-pipe force is sampled to the timing of the 
same period as a pressure ripple in addition to the timing which catches the heights 
and the crevice of a pressure ripple and the approach pressure ripple measured to the 
timing which has phase contrast, the measurement error by the pressure ripple is not 
included in measurement and the pressure-of-induction-pipe force data added. 
[0044] Moreover, since m sampled A/D-conversion data are obtained for every 
measurement timing and they are added like the above (1 ), the 
pressure-of-induction-pipe force can be measured with resolution higher than the 
A/D-conversion data of N bit. 

[0045] (3) Revolution timing signal of the approach engine measured synchronizing 
with an engine revolution timing signal The pressure ripple of the SN1, SN2, SN3 
pressure-of-induction-pipe force has the relation which synchronized. Therefore, this 
timing signal The measurement which synchronized with the pressure ripple of the 
pressure-of-induction-pipe force by performing sampling and A/D conversion 
synchronizing with SN1, SN2. SN3. and ... is possible. 

[0046] (4) Use A/D converter 6 of the 8 bits of the approaches of forming 8 bit data 
into 10 bit data, and they are each four A/D-conversion data. 10-bit 
pressure-of-induction-pipe force data can be obtained by adding P1 1 PI 2 P21 and 
P22. 

[0047] Therefore, it is possible to perform A/D conversion of high resolution at low 

components cost. 

[0048] 

[Example] Next, an example explains how the measuring method of the 
pressure-of-induction-pipe force by this invention can be materialized on actual. 
[0049] (1) In configuration this example, it is conventionally [ which is shown in 
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drawin * 3 and drawin S 4 - ] Sood with a configuration. And ECU It is realizable only by 
changing the control software of 4. 

[0050] In addition, this example is an example which measures the 
pressure-of-induction-pipe force synchronizing with an engine revolution timing 
signal. Moreover, an engine shall be a 4-cylinder and a revolution timing signal shall be 
acquired for every 90-degreeCA. 

[0051] (2) in actuation this example, the pressure-of-induction-pipe force is carried 
out a sampling and A/D conversion by a unit of 2 times for every 90-degreeCA — 
obtain an operation (addition) result for every 1 80"CA. 

[0052] Drawing 2 is a flow chart explaining the measurement procedure of this 
example. In addition, the inside m of drawing is the counter which shows the count of 
a sampling in measurement timing, i.e.. the count of A/D conversion, and n is a 
counter which counts measurement timing. 

[0053] Next, each phase is explained for the actuation in order later on. 

[0054] 1) Initialization phase, i.e.. a step. S101 Counters m and n are cleared and initial 

value is set to 0 (zero). 

[0055] (2) The detection phase, i.e., the step, of measurement timing S 102 It is a step, 
when it judges whether there is any timing signal and there is nothing. SI 02 It stands 
by until it stops and a timing signal inputs.) On the other hand, when a timing signal 
inputs, it goes to the next activity phase. Namely, step It progresses to S103. 
[0056] (3) A sampling and A/D-conversion phase, i.e.. the step, of the 
pressure-of-induction-pipe force S102 It is a step when it is judged that timing 
inputted. S103 An A/D-conversion initiation command is given.) (The microcomputer 
system in ECU 4 gives a command to A/D converter 6.) 

[0057] And step S1 04 It is a step, if it judges whether A/D conversion was completed 
and has not ended. S104 It stops, and it stands by until it ends. Then, it is a step when 
A/D conversion is completed. S105 Translation data is read and memorized. Then, 
step S106 A numeric value 1 is added to Counter m. and the count of conversion is 
updated. 

[0058] Next, step S107 It is a step, when it judges whether there is any counter m for 
a numeric value 2 and Counter m has not reached a numeric value 2. S103 It returns 
and a sampling and A/D conversion of the pressure-of-induction-pipe force are 
performed again. That is, a sampling and A/D conversion of the 
pressure-of-induction-pipe force are performed twice continuously. 
[0059] (4) Management and the decision phase, i.e.. the step, of a measurement count 
S 107 It is a step when Counter m reaches a numeric value 2. S 108 0 (zero) is set to 
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this counter m, and it prepares for the next conversion.) Then, step S019 A numeric 
value 1 is added to Counter n, and a measurement count is updated" 
[0060] And step S1 10 It is a step, when it judges whether there is any counter n for a 
numeric value 2 and Counter n has not reached a numeric value 2. It waits for return 
and the following timing signal to S102, and a sampling and A/D conversion of the 
pressure-of-induction-pipe force are started. In addition, sampling and A/D 
conversion are performed two consecutive times also in this case. 
[0061] On the other hand, step S1 10 It is a step when Counter n has reached the 
numeric value 2. S1 1 1 Four data measured till then are added and the 
pressure-of-induction-pipe force data made into the object are obtained. And for 
example, an inhalation air content is presumed from these pressure-of-induction-pipe 
force data, and fuel oil consumption is decided. In addition, if the 8-bit A/D converter 
is used, said addition data can be dealt with as data which have the resolving power of 
10 bits. 

[0062] And step S1 1 2 A numeric value 0 (zero) is set to Counter n. and it prepares for 
the following measurement timing. Namely, step S 102 It waits for return and the 
following timing signal, and a sampling and A/D conversion of the 
pressure-of-induction-pipe force are started. 
[0063] 

[Effect of the Invention] While measurement of a high resolution is attained with an 
A/D converter with low resolution as mentioned above according to the measuring 
method of the pressure-of-induction-pipe force of this invention, measurement of the 
pressure-of-induction-pipe force in which it is not influenced by the pressure ripple is 
attained. 

[0064] Consequently, minute engine control can be performed now by the engine 
control system (ECU) of low cost. 



[Translation done.] 
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